Influence of arenicin on phase transitions and ordering of lipids in 2D model membranes.
Antimicrobial peptides (AMPs) are important effector molecules of the innate immune system of all species. AMPs are highly selective and can be used as lead structures for the development of new drugs complementing standard antibiotic therapies. Understanding the crucial parameters of peptide-membrane interactions is necessary for elucidation of the molecular mechanisms of action. Phospholipid monolayers, as simple 2D models of the membrane surface, can be effectively used for studies of peptide-membrane interactions. The present study is focused on the recently discovered peptide arenicin-1 (Ar-1), which possesses antibacterial and antifungal activities. A linear derivative with serine residues instead of cysteines (C/S-Ar-1) was additionally used to investigate the influence of the AMP on the phase behavior of lipid monolayers at the air/liquid interface. Using the Langmuir balance technique and IRRAS allows us to conclude that both original and modified arenicins reveal a strong influence on the phase transition of anionic phospholipids (fluidization of the lipid hydrocarbon chains), whereas the thermodynamic properties of the zwitterionic phospholipid layers are not affected. A strong effect of the modified peptide on the ordering of negatively charged phospholipids at the air-water interface compared to zwitterionic phospholipids has been observed using GIXD measurements, supported by IRRAS simulations for the spectral range corresponding to the lipid hydrocarbon chains. At lateral pressures above 30 mN/m, both peptides are squeezed out from zwitterionic lipid monolayers, but remains attached to and partly incorporated in anionic lipid monolayers. This study points at the importance of the interplay between hydrophobic and electrostatic interactions for the membrane disruption by AMPs.